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LOW-SPEED AERODYNAMIC CHARACTERISTICS OF A LARGE-SCALE 
45° SWEPT-BACK WING WITH PARTIAL-SPAN SLATS, 
DOUBLE-SLOTTED FLAPS, AND AILERONS 


By Harry А. James 
SUMMARY 


Experimental data from force and pressure tests on a large-scale р 
semispan, wing-fuselage model are presented. The wing had 159 of sweep— 
back, an aspect ratio of б, a taper ratio of 0.5, and an NACA 644010 
section normal to the quarter—chord line of the unswept panel and was 
equipped with partial—span slats, aileron, and doubie-slotted flaps. 
Longitudinal force and moment characteristics are given for the model 
with various combinations of slat spans. with and without double—slotted 
8 flaps. Rolling-—moment data for various aileron deflections are also 


included. 


Pressure—distribution measurements in tabulated form are included 
for five of the more significant configurations tested. 


INTRODUCTION 


Low-speed test results on two large-scale 150 swept-back wings, опе 
with and the other without camber and twist, equipped with partial—span, 
double—slotted flaps were reported іп reference 1. As а continuance of 
the program of investigating the effects of various high—-iift devices, 
tests have been made in the Ames 40— by 80-Фооб wind tunnel using the 
plain wing equipped with partial—span slats along with the same double— 
slotted flaps previously used. Aileron-effectiveness data also are 
included for the various configurations tested. The bulk of these force 
and moment tests were made at a Reynolds number of 8 x 10^; however, Рог 
tests of some configurations the Reynolds number was varied from 2.5 to 


: 8 x 106, 


In order to make these date available in а minimum of time after 
5 testing, по analysis of results is included. 
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NOTATION 


The data are presented in the form of standard NACA coefficients 
Which are applicable to a full-span configuration except for the rolling 
moment. The pitching moments are referred to the quarter-chord point of 
the mean aerodynamic chord (fig. 1). 


CD drag coefficient (се mm an model) 
q 


rolling moment due to deflection 
of one aileron 


C7 rolling-moment coefficient 
qSb 


Ст, lift coefficient е lift — an 9 


С maximum lift coefficient 
Lmax 


“Тав lift coefficient for which there is ап abrupt increase in the 
р rate ОҒ drag rise 
twice pitching moment 
Cm pitching-moment coefficient | --9Е Bemispan model 





gs¢ 

L lower surface of wing 

Р; “Ро 
Р pressure coefficient d 
R Reynolds number, based on С 
S twice area of semispan model, square feet 
U upper surface of wing 
b twice span of semispan model, feet 
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b/2 
PE dan 
с mean aerodynamic chord e „ feet 
bf 
ј ve 
а 
с local chord measured perpendicular to quarter-chord line, feet 
ct local chord measured parallel to plane of symmetry, feet 
Ро free-stream static pressure, pounds per square foot 
Р; local static pressure, pounds рег square foot 


dynamic pressure, pounds per square foot 
spanwise coordinate normal to plane of symmetry, feet 
angle of attack of wing root chord, degrees 


ба aileron deflection relative to wing chord, in plane normal 
to 0.25 chord line (positive when trailing edge is down), degrees 


ОР flap deflection relative to wing chord, in plane normal 
to 0.25 chord line (positive when trailing edge is down), degrees 


y 
т dimensionless lateral ordinate 55) 


MODEL AND APPARATUS 


The principal dimensions of the semispan wing-fuselage model used 
in this test are shown in figure 1. The test model is essentially 
identical to the plain-wing model described in reference 1 having ап 
aspect ratio of б, a taper ratio of 0.5, and ап NACA 64A010 section 
normal to the gquarter-chord line of the unswept panel as shown in 
figure 1. Photographs of the gemispan test installation are shown in 


figure 2. 


Details of the aileron, slats, and double-slotted flaps аге given 
in figure 3. The coordinates for the wing section and auxiliary 


quam 
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high-lift devices in planes normal to the quarter-chord line are given 
in tables I to IV, inclusive. Only one slat setting (section S-S as 
Shown in fig. 3) was used throughout the test. Five slat spans were 
tested, all with the outboard end at 97-регсеп% semispan and extending 
inboard from this point approximately 17, 37, 51, ТІ, and 83 percent 
(entire exposed leading edge) of the semispan. Details of the instal- 
lations are shown in figure 3. The slat spans, as discussed in this 
report, are referenced to the intersection of the quarter-chord line 
with lines extending from the slat end points as shown in figure 3. ‘The 
gap between the foreflap and main flap as used for the model of refer- 
ence 1 was increased slightly to insure a smaller percentage change in 
this gap for the various flap deflections tested. Unless otherwise 
noted, the main flap was deflected 55°. Тһе aileron was sealed by means 
of masking tape on the lower surface at the intersection of the aileron 
and wing to prevent air leakage from the lower surface to the upper 
surface. | НЕ = "os 


The orifice stations are located on the basic pian form as noted 
in figure 4. Stations I, III, and VI correspond to the streamwise 
stations as used in the previous tests on this wing (reference 2). 


TESTS AND CORRECTIONS 


The force and moment tests of the semispan model with the various 
high-lift devices were made through an angle-of-attack range to include, 
as near as practical, zero and maximum lift. 


The tests, in general, were made at a Reynolds number of 8 x 108 
(based on the wing mean aerodynamic chord of 6.21 ft) which corresponds 
to a dynamic pressure of about 55 pounds per square foot and a Mach 
number of 0.2. 


The main flap of the double-slotted flap was deflected 45°, 509, 55°, 
and 609 and the aileron 4109, +15°, and +20° as measured in planes 
normal to the quarter-chord line. | 


The following jet boundary corrections, computed from the method of 
reference 3 for & semispan unswept-wing instaliation without flaps, were 
added to the angle-of-attack and drag-coefficient data: 


| 


а 0.25 Ст, . Р 20 22 


Ср = 0.0045 С, 


SRE 
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No corrections were made for the tunnel-floor boundary-layer air or for 
the leakage through the clearance gap (maximum of 1/2 inch) between the 
fuselage and the tunnel floor because these effects were found to be 
negligible. 


The rolling-moment data for one aileron deflected, as presented, 
have not been corrected to correspond to that which would be obtained 
under an antisymmetric type of loading. А comparison of the theoretical 
symmetric and antisymmetric loading calculated by the methods of refer- 
ences 4 апа 5 has shown this tunnel-wall correction to be negligible for 
this particular wing plan form. The pitching moments for the configure- 
tions with aileron deflected correspond to those that would be obtained 
on а full-span wing with the ailerons used as \qutboard flaps or elevons. 


RESULTS 


The lift, drag, and pitching-moment characteristics of the semi- 
span wing-fuselage model (including fuselage forces) are presented in 
figures 5 through 24. The data, unless otherwise designated, are for 
а. Reynolds number of 8 x 10%. ‘The results obtained with the slats 
extended are presented in figures 5 and 6, and with the aileron deflected, 
in figures 7 through 16. Data obtained for various deflections of the 
double-slotted flaps are shown in figures 19 and 20. Data obtained for 
various Reynolds numbers are included in figures 21 to 25. 


Cross plots of Ст and СТ зер versus slat span and Reynolds 


number are presented in figures 25 to 28. Тһе variation of Ст for 
а = 09 with flap deflection is shown in figure 29. 


Pressure data are presented for the slat extended condition for 
slat spans from 14- and 40-percent semispan to 97-percent semispan with 
and without flaps deflected, and also for the clean wing (slats retracted 
and sealed) with flaps deflected. The pressure data for these five con- 
figurations are included after the figures of force data in tables 5 
through 9. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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TABLE І.- COORDINATES OF THE AIRFOIL SECTIONS 


[Stations and ordinates given in percent of airfoil chord] 


NACA 64A010 


Station Ordinate 


L.E. radius: 0.687 
T.E. radius: 0.023 
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TABLE ТТ.- ORDINATES FOR 0.25 -СНОКО FLAP 


[Stations and ordinates given from airfoil chord line in 
percent airfoil chord] 


Plain wing 


Upper Lower 


І.Е. radius: 0.95 (center 
on flap chord line), 
ТЕ. radius: 0.023 





JC 


НАСА RM A52B19 


TABLE ТТТ.- ORDINATES FOR 0.075-CHORD FOREFLAP 


[Stations and ordinates given from foreflap chord line 


аат 


іп percent airfoil chord] 


вв Фе вг 
№ 
Ml 


1 

1.67 
2.08 
2.92 
3.75 
1.58 
5.42 
6.25 
7.08 
7.50 


І..Е. radius: 


1.20 (center 


on flap chord line) 
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TABLE IV.- COORDINATES OF SURFACES FORMING THE SLOT 
WHEN SLAT IS EXTENDED 


[Stations and ordinates given from airfoil chord line in 
percent airfoil chord] 





(a) Ordinates for back of (b) Ordinates for front of 
slat main wing 


Station ! Ordinates Station | Ordinates 










1.68 4.90 
2.00 5.00 
2.20 2.20 
6.00 6.00 
7.50 7.50 
10.00 10.00 
15.00 15.00 
17.00 17.00 
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TABLE V.- PRESSURE COEFFICIENTS! FOR THE WING WITH FLAPS 
DEFLECTED. В = 8x10 


“іка © = -6.16 


111 :4 1: 411111 
11:44:11 
111111111411111111141115411441: 
чула! 
1111411411414 
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pressure coefficients tabulated are defined аж (ру-р,)/а 
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TABLE V.- CONTINUED 
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WING а = 120.40 
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TABLE V.- CONTINUED 
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TABLE VI.- PRESSURE COEFFICIENTS! FOR THR WING WITH SLATS 
EXTENDED, 40- TO 97-PERCENT SEMISPAN. FLAPS RETRACTED. 
R = 8x10 


а = 0,01 
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TABLE VIII.- PRESSURE COEFFICIENTS FOR THE WING WITH SLATS 
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Figure 9 .— Aerodynamic characteristics of the model with various aileron deflections. 
Flaps retracted, slats extended 60-fo 97 -регсеп? semispan. 
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